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Amendments to the Specification 

Please amend Paragraphs [0007], [0014], [0054], [0059], [0067] and [0082] as follows: 



[0007] In addition to being more accessible to a broader research community, a tool allowing the 
automatic generation of mathematical models would facilitate the modeling of complex networks 
and interactions. For example, in intracellular signal transduction it is not uncommon to find 
multi-molecular complexes of modifiable proteins. The number of different states that a multi 
molecular complex , along with the number of equations required to fully describe the dynamics 
of such a system, increases exponentially with the number of participating molecules or classes 
of molecules. One typical complex is a scaffold complex involved in MAPK cascades. It is 
often the case that the dynamics of each state is of interest. A modeler then faces the unpleasant, 
and potentially error prone task, of writing dozens, if not hundreds, of equations. Therefore, 
there remains a need for automatic equation generation tools that can significantly ease this task. 

[0014] In certain aspects of the methods of the present invention, the generating a series of 
mathematical equations comprises generating a hierarchical arrangement of canonical input 
forms and associated canonical output forms from the input representation and the process 
parameters, wherein a level of the hierarchical arrangement includes the series of mathematical 
equations. In preferred embodiments of these aspects, the canonical output forms can be 
modifiable by a user at each level of the hierarchical arrangement. Typically, the series of 
mathematical equations and the value for one or more outputs are generated automatically. In 
certain preferred embodiments, the biological network is a developmental network. The 
biological network can include a cell and its progeny, and the method can provide a 
representation of an organism as a graph, wherein the graph comprises a list of nodes, a list of 
links, and a lineage tree. The nodes can include one or more models that include a system of 
differential equations and associated parameters that describe some aspect of the biological 
network. 
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[0054] As described above, the concept of a canonical form is central to the methods and 
systems of the present invention. At each level of information processing, typically there are 
both input and output canonical forms. The output forms can them then be fed back into the 
system as input forms for the next stage of processing. The implementation of these canonical 
forms is platform and language dependent. It is the canonical forms themselves that are 
important to the methods and systems of the present invention, not their implementation. One 
can thus visualize a succession of canonical forms (Table 1). The various levels indicated in 
Table 1 are for illustrated purposes only; the actual names and succession of levels is are not 
[[a]] core elements of the methods and systems. 

[0059] The user representation of the biological network may be an informal, broadly focused, 
cartoon-based representation of the biological network. FIG. 2 is an example of a cartoon-based 
representation that can be used to represent a biological network. Certain shapes a such as ovals 
can be used to represent proteins in a biological networkft,]]^ AffaJJctivation,, such as 
phosphorylation can be indicated by arrows, for example with double, triple, etc. 
phosphorylation can be indicated by double, triple, etc. arrows, respectively[[,]]. and 
M[[m]]ultimember complexes, such as scaffolds, can be represented by lines or figures that 
connect or horizontally or vertically overlap proteins of the multimember complex (as shown in 
FIG. 2). A computer program performing a method of the present invention can utilize this 
cartoon input form to automatically derive a series of canonical forms that represent the chemical 
reactions represented in the cartoon, and/or can automatically generate a series of initial 
mathematical equations from the cartoon. 

[0067] The computer system 100 includes an equation solver function 140 capable of receiving 
the series of initial mathematical equations, the initial conditions values, and the process 
parameters, and generating a numerical value, typically a table of values as a function of time, 
for one or more output functions using the mathematical equation and the initial condition values 
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(Step 40 30). This step 40 30 typically includes numerically mathematically solving the 
mathematic equations b e for e or whil e , they are num e rically solv e d . In certain preferred 
embodiments of the present invention, the computer system 100 includes a graphing function, 
capable of receiving numerical values from the numerical solver function, and generating a graph 
from them which is displayed on the user interface. The computer system may also include an 
optimizer function which fits data to the equations, preferably differential equations, thereby 
determining optimal or improved values for some or all of the process parameters 

[0082] The corresponding output canonical form is given by the set of differential equations 



where the x\ and c ia are constants that are related to the rate constants , th e s igns of the c m 
are det e rmin e d from which side of e quation (1) th e t e rms in e quation (9) correspond to, and the 
riicg represent the cooperativity of the reaction. The summation is taken over all equations in 
which Xi appears. Multi-molecular reactions (e.g., binding to a scaffold protein) and multiple 
interacting and overlapping pathways are described in much the same way - there are just more 
reactions that must be included in our model. The canonical forms (1) and (9) can still describe 
each one of these reactions. 



(9) 
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